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. TECHNICAL NOTE NO. 1385

STRESS-STRAIN AND ELONGATION GRAPES FOR ALCLAD ALUMINUM~ALLOY 75S-T SHEET
By James A, Miller o

SUMMARY

Results ‘of testes on duplicate longitﬁdinal end trensverse specimens
of Alclad alwmlnumealloy 755-T sheets with namlnel thicknesses of 0.032,
0,06k, and 0.125 inch are presented in the Folluwing Pform:

Tensile and campressive stress~strain graphs and stress-deviation
graphs Yo & strain of about 1 percent

Graphs of tangent modulus and of reduced modulus for e rectamgular
section ggainst stralin, in compression

Stress-strain graphs for tensile specimens tested to.failure

Graphs of local elonzetion and elonga,tion against gage length for
. tensile specimens tested to fracture

The strese-strain, strese-deviation, tangent—-mndulus s and reduced~ -
modulus graphs are plohted on a dlmensionless basls o make them applicable
to material with ylold strengths which differ fram those of the 'best gpeci~

-

INTRODUGTION

The present report is the second of a series presenting data on high-
gtrength divminun-alloy sheet. The data ere in the form of tables and
graphs gimilar to those in the Pirst report. of the series on aluminume
alloy R30L sheet (reference 1). The graphs are presented in dimensionless
form to make them applicable to sheets of these materials with yield
strengths which differ from those of the test specimens. All dats are
given for duplicate specimens. , )

The report gives the results of tests on Alclad aluminum-alloy 75S~T
sheet in thicknssces ef 0.032, 0.06%, and O, 1.25 inch, furnished 'by ‘blsa
Aluminurh Campeny. of America. ;
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MATERTAL

The sheets were of Alclsd eluminug alloy 758 in the heat-treated (T)
condition, a8 furnished by the manufacturer. The nominal thickness of the
cladding on each side was 4 percent of the sheet thickness:

DIMENSTONLESS DATA

Test Procedurs

Tensile tests were made on two longitudinal (in direction of rolling)
specimens and on two transverse (across directlion of rolling) specimens
from a sheet of each thickness. The specimena corresponded to specimens
of type 5 desoribed in raference 2.- The specimens were tested in a bheam—
and~polse, acrew—type, machine of 50-klp capacity by using the 5-kip range.
They were held In Templin grips. The straln was measured with a pair of
1-inch Tuckerman optical estrain geges attached to opposite sheet faces of
the reduced sectlon. The rate of loading was about 2 kel per minute.

Compregslve tesis were made on two longltudinal and two transverse
specimens from sach sheet. The specimens were rectangular strips 0.50
inch wide by 2.25 inches long. The compressive specipens were tested
between hardened-stesl bearing blocks in the subpress described in
reference 3. The loads were applied by the testlng machine that was used
for the tenslle tests. ILatorgl support against premature buckling was
furnished by lubricated solid guides, as described in reference 4. The
strain was measured with a pair of l-inch Tuckerman optical straln gages
attached to opposite. edge faces of -the epecimen. The rate of loading was
about 2 ksi pér minite. . . -

Teat Results

The results of the tensile and compressive tests are given in tabls . .
I. Each value of’ Ybung's modulus in the table was taken as the slope of
a least-square straight line fitted to the stress—strain curve at stresses
below the point where the cladding started to yield. The modulus was .
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baged on a number of pointe four-te eight times the number of points

. shown!on the graphs for that portion of the cwrves. "The yield strengthe

' determined by the offset method were ohtained from the stress—straln
curves and the experimental values of Young's modulus. The yield strengths
determined by the serant method were cbtained from the stress-strain curves
and values of secant modulus 0.7 and 0.85 times the experimental values of
Youngts modulus.

Stress—Strain Graphs‘- ‘

The stress—straln graphs are plotied in dimensionless form in £ig—
ures 1 to 6. The coordinates. ¢, € in theme graphs are defined by

8 ' . o el
O = —— . . ) . . € = e
"8y 83

whex:e

"8  atress .c'orreepondingj to strain "e"'ll'l :
"él' - é'epa;:i‘b yield st:;'enéth (0.7E)

"E  Young's modulus |

' Compoeite dimensionless stress—strain graphs which show the bands
within ¥hich lie the data for tests of a given ¥Kind and a given direction
in the sheet are shown in figures 7 and 8. The meximum width of bend in
"terms of O is 0,035 in tension and 0.025 in compression. Each bapnd
represents data for six specimens; the widthe might have been grester if
tests had been made on a larger number of specimens. A part of the devie—
tion of the curves frem affinity may be attributed to experimental veria—
tion in the values of Young's modulus whigh weve cbtained from a relatively
small region of each curve and a part to smell variations in the thickness
of the cledding. ' : : o

- Stress-Deviation Graphs -._

Dimensionless stress—deviation grephs ere shown in figures 9 to 1k,
The ordinates are the sams as thoee used for the stress—strain graphs.
The abscisses are the corresponding values of & ='c — g, All the curves
intersect at the point o =1, & = 3/7, which corresponds to the secant
yield strength (0.7E)}. This point is-indicated on the graphs by a:short
verticel line, , , S R B .
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The graphs were plotted on logerithmic peper to indicate that portion
of the stress—strain curves which can be represented by the enalytical ex—
pregsion given in reference 5, o

. . ' n ’
e-2ax(2)

This relation holds when the plot of deviation against stress on logarith—
mic paper is a straight line, because

*

g é} U 8
l_og(_e_*ﬁl_ =logK+nlogl—3-_
: . n-1
or log (€-6)=logK<§E-3~> +n log o

Each graph has a pronounced knee. It follows that the stress—strain
graphs of the sheets, which have e cladding thet ylelds at a comparatively
low stress, cannot be accurately represented by & single analytical ex—
pressicn of the foregoing type. Most of the graphs can be approximated
by two straight lines represented by two equations of the foregoling typs
with different sets of constants. Only the graphe for longitudinal com~—
DPression show good agreement with a straight line for values of

8f/s1 > 8o/s;, where 8z 18 the secant yleld strength (0.8%); valuoe of
s2/e; are shown in esch figure. Table I gives values of gy/sz for all
speclmens to indicate the sharpness of the knee of the stress—strain curve
end to aid in obtaining an average velue of the parameter n from Pighre
10 of reference 5. ) ' ‘ )

Tangent Modulus Graphs

_ Dimensionless éraphs. of tangent modulue against strain feor the com—
pressive specimens are shown in figures 15 to 20. The ordinates are the
ratios of tangent modulus Eg 1o Young's modulus. Each value of tangent

modulus was taken as the ratio of a stress incrempent to its strain incre—
ment for the successive pairs of poinits shown in the stress—strain graphs.
The ahscieses are the mean values of ¢ for the straln increments.

The graphs.for the 0,C6k— and 0.125-inch specimeps show & well-defined
reglon of conetant "secondary" modulus at intermediste etrains., The sec—
ondary moduli were sbout 95 end 92 percent of the Young's modulus for the

. .06k~ and 0.125-inch sheets, respectively. In the corresponding region
for the 0.032-inch sheet, values.qf secandary modulus were not constant
but decreased graduelly with increasing strain. The nomingl vaelue of
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secondary modulus, based on the nominal percentage of the sheet thickness
for the core material, 1s 82 percent of the Young 8 modulv ) L

The observed differences of secondary modulus account for wuch of -
the spread in the bands of tangent modulus shown in figure 21, -The -
maximum gpread in values of E [E 18 0.065. An example of the uge of the
graphs of tangent modulus agalinst gtrain is given in the first report of o
this series (refersnce 1).

Reduced Modulus Graphs Lo

Dimensionless graphs of reduced modulus ggainst strain are shown in
Pigures 22 to 2. The ordinates are the rotlos of reduced modulus for & _
rectanguler cross section E,. to Young's modulus, and the abgclasas are

the corresponding values of .€,. The curves were. derived from the corre-
sponding curves of tangent mo&ulus against stcain by using the fo*mul&

By MR
B 2
VEL/B)

The limits of the dimensionless graphs of reduced modulus agsinst strain
are shown in figure 25, The maximun spread in values of Er/E .1s 0.055,

1

TENSIIE STRESS-STRAIN TESTS TO FATIURE

Proce&ure

Tenslile tests to fallure were made on two longitudinal and two
traysverse specimens from a sheet of sach thickness. The specimens cor-
responded to spetimens of type 5 described in reference 2., The tests
veore made in fluid-support, Bourdon-tube, hydraulic testing mschines
having Tate-Emery load indicators. The speclmens were hsld in Templin _
grips. They were tested at a cross-head speed of about 0.1 inch per o
minute. Autographic load-extension curves were cbtained with a Templin
type stress-strain recorded by using a Peters averaging total~slongation
extensometer with a 2-Inch gpge length and a magnification factor'.of 25.
Stresses based on the origlnal cross sectlon and corresponding strains
based on the original gage length were determined from these curves,
The data for the portion at and beyond the knee of each curve were combined
with corresponding stress-straln data on duplicate specimens on which strain
had been messured with Tuckerman optlcal strain gages., . o
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Stress—Strain Grephs

The resulting stress—strain curves are shown in figures 26 to 28,
Values of tensile strength and elongation in 2 inches are given In the
tables in each figure. The values of elongation usually correspondsd to
& strain of "ebout 0,008 lese than the maximum recorded strain under load.

LOCAI~ELONGATION TESTS

Procedure

Photogrid measurements (reference 6) were made on two longitudinal
and two transverse tensille specimens from a sheet of each thickness.
The specimens corresponded to specimens of type 5 described in reference
2. The photogrid negative was made from the master grid described in
reference 1. The speclmons were coated with cold top enamel. This has
been found to be less critical with respect to exposure time than the
photoengraving glue mentioned in reference 6. The prints were also
nsuslly easler to measure neer the frectura. The specimens were held in
Templin grips and were fractured in a testing machins at & cross—head
speed of about 0.1 inch per minute, Measurements of grid spacing were
made by the techniqus described in reference 1.

Grephs

The local elongations in percent of the original spacing, plotied
egalnst the distance before test frcm one end of the gage length, are
gshown in figures 29 t6 34. The fracture in each case occurred in the
grid specing in which the greatest elongation took place,

The elongatione in percent of the original gage length were computed
for varilous gage lengths from the local—elongation data. These values
are plotted against gege length in Figures 35 to 40, The gege lengths
were plotted to & logarrﬂmﬂc scele to present a large renge of wvalues on

& single graph.

Nationel Bureau of ‘Standards
Washington, D. C., June 28, 1946
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TABIE I.— RESULTS OF TENSILE AWD COMFRESSIVE TESTS ON ALCLAD 755~ SHEET

Yield str.
Offset Ol ok o Al
I!Iﬂthﬂd MOCALL L IHE LIILNL

Sheet | Young'e | {offset 83, 8o

thick—{ medulus | = 0,2 per=— Tensile |Elongation
Specimen Teat Direction |[nesa E cent) (0.78) (.0'853) 81 /6 |otrength | in 2 4n,

{in.) | (kei) | (ks1) (ks1) | (kmi) | (ks1) | (percent)
032-T1L |Tensile Longitudinal| 0, 0320 10,420 72,2 72.71 T.0l1.02k| 80.3 12,5
032-T2L {...80.00000{4v.d00u0000.| L0321 10,270 72.3 7.8 M.2{1.021| 8.1 12,0
032-TAT [.,.00.,.4..|Transverse .0321] 10,340 66.6 68.5| 61.6 1,111 79,0 10.5
032-T2T [evo0u0ansafoaclOioeeres] .0320(10,340 66.5 68.%| 61.6 {1.110| " 79.1 11,5
032-01%L [Compressive|Longitmdinal| ,0321110,k00 | 67.1 69.8| 63.2 (1,108 —=—=o —woe~
032020 |..o004seeaa]aselOrsunses .0321{ 10, 420 67.2 69.41 63.1 (1,200 ~—-- ~~=--
032-C1T |.,.d0......|{Trangverse .0320] 10, 480 2.5 Thb| 69,3 |2.0TH| ~~ == —wu-
032~C2T |...d0..... ofee.d0,anen,.] .0321120,430 72.5 Th.5[ 69,7]1.070] ===~ ===
064~T11, |Teneile Longitudinal{  .0625] 10,430 70.8 - 7.3 | 69.9{1.019] : 79.5 12.5
OBU-T2L |..,804s0ves]eeslOruncras] 0628 10,470 70.8 TL.31 69.9(1.020] T79.6 13.5
O64-TT |...d0.4...«|Transverse .0625110,5.0 65.9 67.6| 61.211.105] T9.k 13.5
O6L~T2T |e,.80avvorafere@Oireanaa| L0627 10,480 65.6 67.3] 60.7|1.107] 78,9 12,5
C54~C1L KCampressive [Longitudinel| ,0626]10,k10 66.5 68.6 | 62.7]|1.095{ — -~ ——~—-
064-C2L |...do...... avel0iar.s.| .062510,450 65.8 67.9{ 61.8 {1,009 —=~—~| =—-~--—-
Ob4-CiT i...d0......|Tremsverse | .0627/10,450 | T2,2 73.91 69.6 |1.063f -~~~ ——~~—
064—C2T 1,,.80, 0000 ]veeldOuaresea| .0625/10,380 T..0 72,6 | 68.3 11,064 ==~ — =~
125-TIL |Tensile Longitudinal} .1252|10,280 TL.6 T2.1} T70.1[1.029| 1T9.3 13.5
125-T2L {.2e004sensefeaedOunsanss| .1250]10,390 TL.9 72.5 ¢ 69.9 |1.037| T9.2 1k.5
125-TIT |.4.3044.40 |Transverse 125310, 460 65.0 67.01 57.2|1.272) 177.8 12.5
185-T2T [v.u80uvnsss|essdOrares..| ,12851{10,330 65.0 67.0 1 i58.0 | 1,157 177.9 13.5
125-C1L [Compreselve |Longitndinal| ,125%}10,500 65.3 68.6] 61.6|1.115] — ~—~| === ~—
125C2L [aeelOiecone|eralOuasarssa| .1253!10,500 66.3 68.6 61.6 {1.11h] == =] — = —a
125-C1T [...d0...... |[Transverse Jde5k110, 470 1.8 73.7¢ 68.3|1.0719| —-=-=--] — ==~
125"02? ---douunlcc |old-0-o-t--¢ -1252 10,h50 71.2 73.3 67.5 1.086 - _—-=
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Figure 1.~ Dimensionless stress-strain graphs. Alclad 755-T sheet, longitudinal

specimens 0.032 inch thick.
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Figure 3.- Dimensionless stress-strain graphs. Alclad 75S-T sheet, longitudinal

ananimana ) R4 inch thin
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Figure 4,- Dimensionless stress-strain graphs. Alclad 765-T sheet, transverse
specimens 0.064 inch thick.

Gl

¢88T "ON NI VOVN




o as/s,

‘ON NI VOWN

Y.} o
T vs; ';‘ o
e, + ® x -
- L
=«
g
li-k—h‘
%
H: l"
» ¢
X
o
e
o -
»H
i [ 5, [
x:‘e Secant |
% Spec.  Test Young's  yleld
% no, modulus strength
of (07E) |—
,* kips/in® Kkips/in?
*.
A + TIL Tensile 10,280 72,1 |
% x T2l " 10,390 725
" * CIL Compressive 10,500 68.6 |
,J‘ ° C2L " 10,500 686  |—
&
-3
d+
lx
X
it
2
F B
2 4 6 .B i.0 1.2 1.4 1.6
crgE/s
THoiwn RO THrmanaiAanlanag obfnaca _atwain sewcoeiia ATnlnAd TRAT ahank Tnanedhadinal
LARUWL S U, L /LLIACLID LD, SR DLLECDD TOoLL ALl 51.%)“9- LALLM U™ L ST ULy AULES L LUALLLLCAL
specimens 0,125 inch thi

G8ST

eT



1.0 .l | T yoh ok X® dox[b X ™
Ao
[1] . ° *
» %
- o Lo 3
.D. H-
-8 .D' e B
«° -
.C'un.
oL Pt
. %" .
o5 E .. ]
.6 o Secant ||
: J;" Spec.  Test Young's - yleld
b= no. modulus sfrength
1‘)( (0-7 E) .
_ | kips/In2  kips/in?
A i, + TIT Tensile 10,460 67.0 ||
. oF x T2T " 10,330  67.0
47 * GIT Gompressive 10,470 737 ]
I ° G2T " 10,450 733 —
u_o"
*
2 =o
+
P T
o -:E A
x ;
+ [
0 2 4 .6 .8 1.0 1.2 1.4 1.6
e=eE/s

Figure 6.- Dimensionless stress-strain graphs. Alclad 755-T sheet, transverse

specimens 0,125 inch thick,
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Figure 9.- Dimensionless stress-deviation graphs. Aleclad 758-T
sheet, longitudinal specimens 0.032 inch thick. E, Young’s
modulus; s, secant yleld strength (0.7E); 8o, secant yield

strength (0.85E).
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Figure 11.- Dimensionless stress-deviation graphs. Alclad 75S-T
sheet, longitudinal specimens 0.064 inch thick. E, Young’s
modulus; s;, secant yield strength (0.7E); So, secant yield

strength (0.85E).
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Figure 12.- Dimensionless stress-deviation graphs. Alclad 756S-T
sheet, transverse specimens 0.064 inch thick. E, Young’s
modulus; Sy, Secant yield strength (0.7E); S, Secant yield

strength (0.85E).
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Figure 13.- Dimensionless siress-deviation graphs. Alclad 758-T
sheet, longitudinal specimens 0.125 inch thick. E, Young’s
modulus; sq, secant yield strength (0.7E); Sp, secant yield

strength (0.85E).
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Figure 14.- Dimensionless stress-deviation graphs. Alclad 7568-T
sheet, transverse specimens 0.125 inch thick. E, Young’s
modulus; s;, secant yield strength (0.7E); sp, secant yleld

strength (0.85E).
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Figure 15.- Dimensionless compressive tangent modulus graphs.
Alclad 75S8-T sheet, longitudinal specimens 0.032 inch thick.
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Figure 16.- Dimensionless-compressive tangent modulus graphs.
Alclad 758-T sheet, transverse specimens 0.032 inch thick.
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Figure 18.- Dimensionless compressive tangent modulus graphs.
Alclad 758-T sheet, transverse specimens 0.064 inch thick.
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Figure 20.- Dimensionless compressive tangent modulus graphs.
Alclad 75S-T sheet, transverse specimens 0.125 inch thick.
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Figure 22.- Dimensionless compressive reduced modulus _graphs,
rectangular sections. Alclad 753-T sheet 0.032 inch thick.
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Figure 23.- Dimensionless compressive reduced modulus graphs,

rectangular sections. Alclad 75S-T sheet 0.064 inch thick.
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Figure 24.- Dimensionless compressive reduced modulus graphs,

rectangular sections. Alclad 758-T sheet 0.125 inch thick.
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Figure 25.- Limits of dimensionless reduced modulus graphs for
rectangular sections. Alclad '75S-T sheets 0.032, 0.064, and
0.125 inch thick.
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tests to fajlure. Alclad 75S~T sheet 0,032

inch thick.

Figure 27.- Curves of tensile stress-strain
tests to failure. Alclad 755~-T sheet 0.064

inch thick.
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inch thick.
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Figure 29.~ ZLocal élongation. Alclad 75S~T sheet, longitudinal

specimens 0.032 inch thick.
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Figure 30.- Local elongation. Alclad 756S-T sheet, transverse

specimens 0.032 inch thick.
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Figure 31.- Local elongation. Alclad 756S-T sheet, longitudinal
specimens 0.064 inch thick.
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Figure 32.- Local elongation, Alclad 75S-T sheet, transverse
specimens 0.064 inch thick.
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Figure 38.~ Local elongation. Alclad 75S-T sheet, longitudinal
specimens 0.125 inch thick,
o
g Spec. Tensile
80 ! no. strength
kips/in.2
« TTT 78.0
60 ' oT8T 77.2
40
F ‘. ° W
?.. ) aizd o
20 - ‘. ;;R:ZP' 3 s
v . % o L e uw;‘o‘".déﬁq ..:0.:- :O#@o‘coo'ca ° a . . . .
0 5 1.0 1.5 2.0

Distance from one end of gage length, in.-

Figure 34.~ Local elongation. Alclad 75S-T sheet, transverse
' specimens 0.125 inch thick.
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Figure 35.- Graphs of elongation against gage length. Alclad
765-T sheet, longitudinal specimens 0.032 inch thick.
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Figure 36.- Graphs of elongation against gage length. Alclad 76S-T
sheet, transverse specimens 0,032 inch thick.
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Figure 37.~ Graphs of elongation against gage length. Alclad 76S-T
sheet, longitudinal specimens 0.084 inch thick.
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Figure 38.- Graphs of elongation against gage length. Alclad 75S8-T
sheet, transverse specimens.0.084 inch thick,
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Figure 39.- Graphs of elongation against gage length. Alclad 758-T
sheet, longitudinal specimens 0.125 inch thick.
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Figure 40.- Graphs of elongation against gage length. Alclad 75S-T
sheet, transverse specimens 0.125 inch thick.



